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Global Warming Potential (GWP)
GWP = cumulative radiative forcing from a pulse 

of gas compared to CO2 over a period

• 1.73859 E-13 ÷ 8.69297 E-14 = 2.0
• So 100-year GWP for Gas X is 2.0

2





Radiative forcing of CO2 and CH4

• The radiative forcing of a kg of CH4 is far 
greater than the forcing from a kg of CO2
– In the first year of release;

• CH4 ~ 170*10-15 Wm-2

• CO2 ~ 1.7 *10-15 Wm-2

• i.e. 1-year GWP for CH4 ~100

• But, a kg of CH4 in the atmosphere does not 
last as long as a kg of CO2
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CH4 and CO2 have different fates in the 
atmosphere

• CO2 slowly removed by oceans and photosynthesis
• CH4 primarily oxidized to CO2 – Occurs fairly rapidly

• This means that the radiative forcing impact for methane is 
concentrated in the early years after release 5





More information on dynamic 
modeling of radiative forcing

• Levasseur, A. et al. 2010. Considering time in LCA: 
Dynamic LCA and its application to global 
warming impact assessments. Environ. Sci. 
Technol. 44 (8), pp 3169–3174

• Alvarez, R.A. et al. 2012. Greater focus needed on 
methane leakage from natural gas infrastructure. 
PNAS 109(17), pp 6435-6440

• Tool available:
– Levasseur, A. 2013. DynCO2 Dynamic Carbon

Footprinter. Montreal, QC: CIRAIG. 
http://www.ciraig.org/en/dynco2.php
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Study of GHG emissions from using and not 
using manufacturing residuals for energy

• Compare two systems
1. Use manufacturing residuals for energy in forest product 

manufacturing facilities
• Black liquor and woody mill residuals (e.g. bark, sawdust) comprise 

the large majority of biomass residues used for energy in the forest 
products industry

2. Dispose of manufacturing residuals (mostly via landfilling) and 
use fossil fuels to produce energy

• Look at life cycle GHG emissions for both systems
• Do comparisons twice

– Including fossil fuel substitution benefits 
– Excluding these benefits (i.e. consider only biogenic emissions)

• Look at difference in emissions as a function of time
– Break even times
– Cumulative difference at 100 years
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Dynamic calculation of radiative forcing applied 
to the study of manufacturing residuals

1.For both systems, calculate GHG emissions in the year the residuals 
are used (or disposed) and every year thereafter out to 100 years

– In system using residuals, only emissions are in year 1
– In system not using residuals, emissions occur in year 1 plus there are 

emissions in subsequent years as material degrades in the landfill releasing 
biogenic CO2 and biogenic CH4

2.Considering  each year’s emissions and each year’s removals from 
the atmosphere of  previously emitted GHGs, calculate the GHGs in 
the atmosphere

3.Each year, determine the radiative forcing associated with the GHGs 
in the atmosphere (from current and past years), then determine 
the cumulative radiative forcing year-by-year

4.Compare the cumulative forcing of the system using residuals to the 
cumulative forcing of the system disposing of the residuals 
Determine the point where they are equal (breakeven point) and 
determine the cumulative difference at 100 years 9











Summary: GHG Benefits of Using Mfg Residuals 
for Energy in the Forest Products Industry 

Rather than Disposing of the Residuals
• Considering only biogenic GHGs (ignoring fossil fuel displacement)

– Under typical scenarios, net GHG emissions at 100 years are always 
zero or negative

– Time required to realize net zero emissions impact is short
• Less than 8 years for individual residues
• Less than 3 years for the average mix of residues
• Dynamic modeling of radiative forcing is critical to understanding the timing of 

impacts
– Looked at as an ongoing practice under typical scenarios

• Appears reasonable to conclude that any “carbon debt” has already been 
recovered 

• If benefits of displacing fossil fuels are included, the breakeven 
times are much shorter and the benefits much greater
– Given current practices, using manufacturing residuals for energy in 

the industry for one year avoids emissions greater than 3 times the 
industry’s annual GHG emissions from fossil fuel combustion
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Thank you

Questions?

15














































































































